0365-0502P 

IN THE U.S. PATENT AND TRADEMARK OFFICE 
INFORMATION SHEET 

Applicant: HYVARINEN, Jaakko 

STENMAN, Folke 

Application No.: 

Filed: April 27, 2001 

For: METHOD AND DEVICE FOR MODIFYING THE IRRADIANCE DISTRIBUTION 

OF A RADIATION SOURCE 

Priority Claimed Under 35 U.S.C. 119 and/or 120: 

COUNTRY DATE NUMBER 

Finland 04/28/00 20001010 



Send Correspondence to: BIRCH, STEWART, KOLASCH & BIRCH, LLP 

P. O. Box 74 7 

Falls Church, Virginia 22040-0747 
(703) 205-8000 

The above information is submitted to advise the USPTO of all 
relevant facts in connection with the present application. A timely 
executed Declaration in accordance with 37 CFR 1.64 will follow. 

Respectfully submitted, 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 



By r-^ L^' " 

c . LECMARD R. SVENSSON 
Reg. No. 30,330 
P. O. Box 74 7 

/ja Falls Church, VA 22040-0747 



PATENTTI- JA REKISTERIHALLITUS 

rati:, nal BOARD OF PATENTS AND REGISTRATION 



H- -Is-:- tiki 9.4. 2001 



1 y ' \> j 



E T U O I K E U S T O D I S T U S 
P R I O R I T Y D O C U M E N T 



Applicant Espoo C^ O^ ^s 



Hakija For turn Oyj ^ \ Sg 



Patentt ihakemus nro 20001010 

Patent application no 

Tekemispaiva 28 . 04 . 2000 

Riling aate 

Kansainvalinen luokka F21V 
Jnterna:icnal class 

K'eksinnon nimitys 
Title of invention 

"Method and device for modifying the irradiance distribution 
of a radiation source" 

(Menetelma ja laite sateilylahteen sateilyjakautuman muuttamiseksi) 



Tat en t. jdistetaan, etta oheiset asiakirjat ovat tarkkoja jaljennoksia 
patontti- ja rekisterihallitukselle alkuaan annetuista selityksesta, 
patenttivaatimuksista, t iivistelmasta ja pi.i rustuksista . 

Tnis is to certify that the annexed documents are true copies of the 
description, claims, abstract and drawings originally filed with the 
Finnish Patent Office. 



1 



Method and device for modifying the irradiance distribution of a radiation source 

The invention relates to a method for modifying the irradiance distribution of a 
radiation source according to the preamble of claim 1 . 

5 

The invention also relates to a device for modifying the irradiance distribution of a 
radiation source. 

Especially one of the preferred embodiments of the invention relates to evening the 
10 irradiance distribution of a radiation source on a large planar target surface. 

In many applications, especially in photographic exposure and heating applications, the 
uniform illumination of a large plane is a highly desirable and even a necessary feature. 
For example, the irradiation intensity from an isotropic point source falling on a planar 
15 surface follows the formula 

I-I 0 cos 3 (9) (1) 

where 0 is the angle of incidence of the illumination with the plane and I 0 irradiance on 
20 the symmetry axis of the circular illumination pattern while, to achieve a deviation of 
intensity of less than ± 5 % over a 1.6-m diameter plane area, the point source must 
placed at a distance of 4.3 m. The corresponding formula for a Lambertian surface light 
source is 

25 I=I 0 cos 4 (6) (2) 

the distance for the same intensity deviation being 5.0 m. In practice, the lamp itself can 
be approximated with the point-source formula and the lamp reflector with the 
Lambertian surface light-source formula. 

30 

Traditionally, uniform illumination has been created, e.g., by means of an array of light 



luiciii ; ( ;:^\ i^U), and also by scanning the plane 



with the light source. 



2 



10 



In many applications, the use of an array of light sources incorporating plane-to-plane 
illumination systems is too cumbersome, expensive, and power consuming. The main 
shortcoming of even very carefully designed back reflectors is that the illumination 
distribution created is very sensitive to the dimensions of the light source and reflector 
and especially to the position of the light source in relation to the reflector. This also 
applies to the use of carefully designed lens systems, such lens systems being, in 
addition, far too expensive in many applications. The scanning method is suitable only 
for a limited number of applications and a complex mechanism is required to perform 
the scanning operation. 

The nre^ent invention ic i ntpn^pH ^ r ^r-^^^ a ^^„,i,„^i_ „/*+u„ *„_i_„: 
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described above and to achieve an entirely novel type of method and device for 
modifying the power distribution of a radiation source. 

15 The invention's goal is achieved by using a combination of non-absorbing and/or 
absorbing plates to attenuate the irradiation of areas close to the optical axis by 
reflecting back and/or absorbing the incident radiation in that region and, additionally, 
to use an optional diffuser plate to diffuse incident light from the light source and to 
redirect light reflected back from the plate stack onto the diffuser into a wider angular 

20 distribution 



More specifically, the method according to the invention is characterized by what is 
stated in the characterizing part of Claim 1 and the device by what is stated in the 
characterizing part of Claim 6. 

25 

The invention offers significant benefits. 

Compared to the prior art, the invention permits a substantial reduction in the distance 
between the light source and the plane to be illuminated. This feature particularly 
30 permits smaller solar panel testing devices, bringing considerable savings in space 

utilization. Especially when mainly transparent elements are used to equalize the light 



In the following, the invention will be examined in greater detail by means of 
exemplifying embodiments, with reference to the accornpanvine drawings, in which- 



Figure 1 is a sectional side view of a device according to the invention; 

Figure 2 is a graph showing the irradiation distribution according to one embodiment of 
the invention; in which is shown relative irradiance from the light source without 
absorbers and using three absorbers. 

Figure 3 is a graph showing the irradiation distribution according to second 
embodiment of the invention. 

In the following, the explanation of the basic idea of the invention uses a theoretical 
model of a point source, with no reflector behind the source. Additional remarks are 
made concerning the aspects to be considered and included, when designing a practical 
system. 

The present invention employs a suitable combination of purely reflecting plates and 
partially absorbing plates placed between the light source and the plane. These plates 
are dimensioned to reflect back and/or attenuate from the light source/diffuser 
combination selectively as a function of direction. For example, iron-free soda glass 
and polycarbonate are suitable materials for constructing these plates. In air, a single 
glass plate will reflect 8 % of the incoming light and a polycarbonate plate 10 %. When 
using a point source, the plates must be of circular shape and be placed centrally and 
perpendicularly on the same axis, which comes from the light source. The plates can be 
placed at any distance from each other to modify the irradiance, but since the same goal 
can be achieved by adjusting the diameter and thickness of the plates, they are in 
practice placed close to each other. To ensure reflection at every surface, a small air gap 
must be left between the plates. If plates of non-uniform thickness are used, the distance 
of the plate stack and the maximum diameter of the largest plate are determined by the 
fact that light with a high angle of incidence must not be totally reflected. In the case of 
glass and polycarbonate, the angle at which total reflection occurs is about 45°. The 
plates can, for instance, be curved at the edges, to decrease the angle of incidence. 

'' ! ' ♦ 1 1 • • 1 ' ~ • r ,\ . - . , i , . :.. j i , j :. 
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glass plates, there will be a step of 8 % in irradiation intensity step at the plane surface 
due to the edge of a single plate. In a real system, the light source is of finite size, which 
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must be separately taken into account. A consequence of this is that the steps in 
intensity are smoothed, due to the fact that the light source becomes gradually "visible" 
behind the edges of the plates. For example, when using a point source, the irradiation 
on a plane, at an angle of incidence of 45°, is only 35 % of the intensity at the angle of 
5 0°. Twelve glass plates with diameters defined using formula ( 1 ) will smooth the 

minimum variation of the plane illumination to below 9 %. If polycarbonate plates are 
used, a minimum illumination variation of 10 % can be achieved with nine plates. 

Figure 1 shows a typical device according to the invention, comprising a light source, in 
1 0 this case a circular discharge tube 1 , behind which a reflector 2 is positioned. In the 
Figure, the intensity of the light source is therefore directed to the right, towards the 
target plane 6, which is in this case a solar panel 6. Diffusers 3 are positioned closest to 
discharge tube 1, and are intended to even the intensity of discharge tube 1 in the near 
field. A diffuser tube 5 surrounds diffusers 3. The use of diffusers is optional in 
1 5 connection with this invention. Radiation passing through the final (rightmost) diffuser 
3 advances to the transparent and absorbing, reflecting plates 4, which are spaced apart 
from each other to ensure reflection from each surface separately. The shape of the 
reflecting plates 4 (viewed, e.g., from the target plane 6) depends on the shape of the 
light source. In the case of a theoretical point source of light, plates 4 would be circular. 
20 In the case of an elongated source, for instance, the plates would be oval, with the exact 
shape determined by the specific geometry of the arrangement. 

Diffusers 3 may be necessary, especially in the case of a light source not possessing 
rotational symmetry. The geometry of reflector 2 might even obviate the need for 
25 diffusers 3, to convert a non-rotationally symmetrical distribution from the discharge 
tube 1 /reflector 2 unit into a rotationally symmetrical distribution. 

A rotationally symmetrical irradiance distribution can be modified in any desired way 
with the aid of plates 4 stacked in a conical form. In this case, the term conical form 
30 refers to the form of the cross-section of the stack of plates 4. In accordance with figure 
I the largest plate of this stack is closest to the source 1, but in accordance with the 



'nvfntinn ih^ 



3> 

I he relational dimensions in one embodiment of the invention : . r - m c n 
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a: diameter of the reflector 2 
b: diameter of the light source 1 
5 c: distance between the source 1 and the last diffuser 3 
d: distance between the source 1 and the first plate 4 
e: distance between the source 1 and the target 6 
f: diameter of the diffuser 3 
g: diameter of the largest plate 4 
10 • c essentially smaller than a 

• d less than 50% of e 5 typically 5-20% of e, most typically about 10 % of e 

• f larger than b, typically smaller than 2a 

• g larger than b, typically smaller than 2a 

15 The following is a description of one implementation of the invention, which is a 

slightly modified version of the solution of Figure 1. This example differs from Figure 
1 mainly in that there are only two diffusers. 

The diameter of reflector 2 is 150 mm. Circular tube 1 has an outer diameter of 70 mm 
20 and a thickness (tube diameter) of 10 mm, the distance between discharge tube 1 and 
reflector 2 being 20 mm. Diffuser tube 5 has an internal diameter of 150 mm and a 
matte white inner surface. The distance between discharge tube 1 and the closest 
diffuser 3 is 30 mm, the distance between the second closest diffuser 3 and discharge 
tube 1 being 50 mm (only two diffusers). Diffuser tube 5 terminates at the second 
25 diffuser (thus differing from the solution in Fig. 1). The distance of between discharge 
tube 1 and absorbing plates 4 is 220 mm. The material for plates 4 is Schott NG12 but 
any material of adequate absorption can be used. Plates 4 have the following 
dimensions (the first plate is that closest to discharge tube 1): 
1 st plate: diameter 150 mm, thickness 1.5 mm 
30 2 nd plate: diameter 100 mm, thickness 2.0 mm 
3 rd plate: diameter 70 mm, thickness 3.0 mm 

: m r-prnnk'N!.!! : ; : t ■ . : s i i [ c i n i: n i . i ; ■ \ - U; 1 1 : - ; 1 l' v. i : ; i. k \ a["> - ■ ■ "> ■ ^ -■ i ■ 1 1 n i ^ r; c u ; ■■ < ■,: : c i E c . 
35 distance of 240 cm between discharge tube 1 and target area 6. A circular region of 
diameter 180 cm, in the target area was studied. The device creates a symmetrical 
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circular pattern, with the highest irradiance in the centre. Without the reflecting and 
absorbing plates 4, the difference in illumination between the centre and the edge area 
of the test circle was about 35 %, but was reduced to 6 % when reflecting and absorbing 
plates 4 were used. 

5 

Obviously, the dimensioning of the device, and particularly of plates 4 depends greatly 
on the geometry of discharge tube 1. As a general rule, however, the stack of plates 4 
should be positioned so that the closer discharge tube 1 is to target plane 6, the stronger 
absorption should be used for rays moving close to the optical axis, to attenuate the 
10 light in the areas that receive the greatest intensities by the laws of physics (Formulas 1 
anu z). 

In this application, the source of radiation source can be of any kind, such as a flashgun, 
light bulb, or infrared source. However, especially advantageous solutions were found 
15 in connection with flashguns created to test solar panels. The radiation source may emit 
either continuous or pulsed radiation. 

In connection with the present invention the stack of plates 4 may absorb the radiation 
up to 75% of the total radiation, however, typical maximum absorption of the stack is 5- 
20 40% of the incident radiation. 

In connection with the present invention by term transparent means any material being 
essentially non-diffusing and having absorption less than 75%. 

25 In figure 2 is shown a graph in which on the horizontal axis is shown the distance (in 
meters) from the centre of the target plane and on the vertical axis is shown the 
attenuation of the of the radiation on the target plane. In figure 2 line 10 represents a 
computer simulation with no absorbers, line 1 1 simulation with absorbing plates with 
diameters/thickness of 70 mm/3 mm, 100 mm/2 mm and 150 mm/ 1.5 mm. Line 12 

30 represents measurements corresponding line 10 and line 13 measurements 

corresponding line 1 1 respectively. It is clearly brought out in the figure form the 
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In accordance with the invention the mutual order of the plates 4 can be freely chosen. 
Also the distance of the plates 4 from the source 1 as well as their diameters can be 
changed. 

5 In figure 3 is shown a graph in which on the horizontal axis is shown the distance (in 
meters) from the centre of the target plane 6 and on the vertical axis is shown the 
attenuation of the of the radiation on the target plane. In figure 3 three additional plates 
to the embodiment of figure 2 are used, which plates are the following 
(diameter/thickness): 100 mm/1 mm, 120 mm/3 mm, 150mm/ 6 mm. Line 14 represents 
10 a simulation using no absorbers, line 15 simulation with absorbing plates of 
diameter/thickness of 100/ 1 mm, 120/3 mm, 150/6 mm. 

As is evident from the figure, the use of thicker absorbers now smoothes the irradiance 
to within +/- 2 % in the region 0 - 900 mm from the axis. However, according to the 

1 5 general properties of the invention, virtually any type of irradiance distribution can be 
synthesised by using appropriate combinations of plate diameters and thickness. In 
particular it should be noted that the desired attenuation as a function of direction can 
be achieved using an appropriate combination of completely transparent and/or partially 
absorbing plates, as each separate surface attenuates the radiation through reflection 

20 regardless of whether the plate material absorbs light or not. 

It should also be noted that varying the shape of the plates in the stack makes it possible 
to achieve any desired symmetry properties of the irradiance distribution. 



Claims: 



1 . A method for modifying the irradiation distribution of a radiation source, in which 
method 

- the radiation source ( 1 ) is used to direct radiation to an essentially planar target 
surface (6), 

characterized in that 

- between the radiation source (1) and the target surface (6), seveial plates (4), which 
are essentially transparent to the radiation and have spaces between them, are placed 
closer to the radiation source (1) than to the target surface (6), in order to use the 
reflection and absorption of the transparent plates (4 ) to attenuate the radiation to 
desired areas. 

2. A method as defined in claim 1 , characterized in that the transparent plates 
are positioned essentially parallel to the target surface (6). 

3. A method as defined in claim 1 or 2, characterized in that at least one 
diffuser (3) is positioned between the radiation source and the transparent plates. 

4. A method as defined in claim 1,2 or 3, characterized in that a flash tube (1) 
is used as the radiation source and the target surface (6) is a solar panel. 

5. A method in accordance with any preceding claim, characterized in that the 
transparent plates (4) are arranged in a conical stack between the radiation source 
(1) and the target plane (6) 

6. A method in accordance with any preceding claim, characterized in that the 
transparent plate (4) closest to the source (1) is placed from the source (1) at a 



A device for modifying the irradiation distribution of a radiation source, which 
device comprises 
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a radiation source (1) by means of which radiation can be directed to an essentially 
planar target surface (6), 

characterized in that 

between the radiation source (1) and the target surface (6), several plates (4), which 
are essentially transparent to the radiation and have spaces between them, are placed 
closer to the radiation source (1) than to the target surface (6), in order to use the 
reflection and absorption of the transparent plates (4) to attenuate the radiation to 



8. A device as defined in claim 7, characterized in that the transparent plates 
are positioned essentially parallel to the target surface (6). 

9. A device as defined in claim 7or 8, characterized in that at least one 
diffuser (3) is positioned between the radiation source and the transparent plates. 

1 0. A device as defined in claim 7, 8, or 9, characterized in that a flash tube ( 1 ) 
20 is used as the radiation source and the target surface (6 ) is a solar panel. 

1 1 . A device in accordance with any preceding claim, characterized in that the 
transparent plates (4) are arranged in a conical stack between the radiation source 
(1) and the target plane (6). 
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A device in accordance with any preceding claim, characterized in that the 
transparent plate (4) closest to the source (1) is placed from the source (1) at a 
distance (d) of 5-20%, typically at a distance (d) of 10% of the distance (e) between 
the source (1) and the target (6). 
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[57] Abstract 



The invention is related to a method and apparatus for 
modifying the irradiation distribution of a radiation source. In 
accordance with the method the radiation source (1) is used to 
direct radiation to an essentially planar target surface (6). In 
accordance with the invention between the radiation source (1) 
and the target surface (6), several plates (4), which are 
essentially transparent to the radiation and have spaces between 
them, are placed close to the radiation source (1), in order to use 
the reflection and absorption of the transparent plates (4) to 
attenuate the radiation to desired areas. 
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10 Simulation/no absorber 

12 Measurements/no absorbers 
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